Human Tumor Necrosis Factor and Lymphotoxin are cytotoxic proteins which have similar biological activities and share 30 percent amino add homology. The single copy genes which encode these proteins share several structural features: each gene is approximately three kilobase pairs in length and 1s Interrupted by three introns. In addition, these genes are closely linked and have been mapped to human chromosome 6. However, only the last exons of both genes, which code for more than 80 percent of each secreted protein, are significantly homologous (56 percent). (3,4,8,13,14) . These studies suggest that TNFs may be useful antitumor agents 1n the treatment of cancer.
INTRODUCTION

Tumor necrosis factor (TNF-a) and Lymphotoxin (TNF-
. These studies suggest that TNFs may be useful antitumor agents 1n the treatment of cancer.
We have recently cloned and expressed 1n £. coll the cDNAs for human TNF-B (13) and human TNF-a (14) . TNF-a and TNF-B are each encoded by unique genes and share approximately 30 percent amino add homology (13, 14) . TNF-B 1s secreted from induced T-lymphocytes and 1s a glycosylated protein of 171 amino adds (monomer M 25,000) (15,16). TNF-a is derived from activated monocytes and has a size of 157 residues (monomer M 17,000) (14,17). These cytotoxic agents exhibit little species specificity in their anticellular activities (18) (19) (20) . They appear to be the major cytolytic ©IRL Press Limited, Oxford, England.
factors produced by PBLs which have activity on the muMne L-929 cell assay (10, 13, 14) . Although the biological activities of TNF-a and TNF-B are very similar, they are derived from different cell types and have distinct induction kinetics:
TNF-B is secreted from T-lymphocytes 24-48 hours following Induction, while TNF-a is secreted from monocytes 4-24 hours after induction (21, 22) . Because these genes encode proteins of similar structure and activity but their gene expression 1s distinct, we were interested in analyzing and comparing their genomic structure.
MATERIALS AND METHODS
The human TNF-B gene was Isolated from a recombinant hutnan-x library (courtesy of Dr. William Wood, 23). Approximately 7.5x10 plaques were screened by hybridizing (24) a P-labeled DNA probe encoding the 34 amino-terminal residues of TNF-B (13) . Filters were washed twice at low stringency (25, 26) using IX SSC (0.15 M NaCl, 0.15 M Nagdtrate), 0.1 percent sodium dodecylsulfate, for 30 m1n at 37*C prior to autoradio-32 graphy.
Positive plaques were re-screened with P-labeled probes derived from the second and third segments of the synthetic TNF-B gene (13) .
The TNF-a gene was isolated from a recombinant human fetal genomic library (27) . Approximately 7.5x10 plaques were screened by stringent hybridization (24) with the 32 P-labeled TNF-a cDNA (14) .
Phage DNA was prepared (27) and the hybridizing region was mapped with several restriction endonucleases, as outlined in figures 1 and 2.
DNA sequencing was performed by the dideoxy chain termination technique (28) after subcloning restriction fragments of the two TNF genes into the M13 cloning vectors mp8 and mp9 (29) .
The 5 1 terminus of the TNF-B transcript was determined by SI nuclease mapping (30, 31) . Poly(A) RNA from mitogen-induced PBLs was annealed to a 32 P-labeled, denatured StuI-BamHI fragment (286 bp, from position 663 to 949 of Figure 3 ), containing the beginning of the TNF-B gene. The annealed mixture was treated with SI nuclease to remove single stranded DNA and RNA.
The size of the protected DNA fragment was measured on a sequencing gel along side a sequencing ladder of the same gene fragment.
Chromosomal localization of the two human TNF genes was performed by Southern hybridization of DNA from human-murine somatic cell hybrids with the human TNF-a and TNF-B CDNA probes.
The human-murine somatic cell hybrids were previously constructed (32, 33) and all were characterized for their human chromosome content by karyotyping (34) and by assaying assigned marker enzymes (35, 36) .
RESULTS
Isolation of the TNF-o and TNF-B genes
The TNF-B gene was isolated from a human genomic DNA-x library. Synthetic DNA was designed to encode the 34 amino-terminal residues of TNF-B (see reference 13 for details). This DNA was subcloned, sequenced, and then used as a probe for hybridization under low stringency. Twenty-five hybridizing phage were Identified and subsequently screened with two additional TNF-B probes designed to code for residues 35-84 and 85-155 (the designed probe sequences were 70 percent homologous with the natural cDNA, 13). Five of the 25 recombinant phage hybridized with all three probes, and one of these, xXB13, was characterized by restriction endonuclease analysis and Southern hybridization. All three TNF-p probes hybridized with a 2. Since the murine TNF-a gene hybridized at the same position (2.8 kbp) as the human TNF-a gene using EcoRI digested DNA, ^jn_dIII digestions were performed. Two bands were detected of greater than 20 kbp and 2.8 kbp for murine and human TNF-a, respectively, when hybridized with the human TNF-a cDNA probe. As observed for TNF-B, the TNF-a probe hybridized with DNA from hybrids containing human chromosome 6. Both probes hybridized weakly to DNA from one hybrid which did not contain chromosome 6 by karyotype analysis; however, the overall discordance for chromosome 6 localization is much lower (13,14) , and conserved nucleotide regions may be essential for a common induction. However, the kinetics of induction are quite different: TNF-a transcription begins within two hours of mitogenic stimulation, whereas no TNF-e mRNA is detectable until after eight hours (22) . The roles that cell type and DNA sequence play 1n this regulation remain to be determined.
Both genes are encoded by chromosome 6. This close linkage and limited nucleotide and protein homology Imply that these genes are ancestrally related. This 1s similar to IFN-B and the IFN-a gene family, which share approximately 30 percent amino add homology (47) and are closely linked on human chromosome 9 (48). Interestingly, the HLA genes of the major histocompat1bil1ty complex map to the same region of chromosome 6 as the TNF-a and TNF-B genes (49); this adjacent genetic localization may be useful for a coordinate regulation of immune system gene products.
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